fect by the Blalock-Hanlon technique.' Their incidence has seemed greater than those after various other cardiac operations. We therefore undertook an analysis to determine their nature and relative frequency, with particular emphasis on the time of onset and their possible relation to surgical trauma.
Methods
Forty-two patients have had the Blalock-HanIon procedure for a variety of congenital malformations between July 1960 and September 1967. Of these, 27 had preoperative and postoperative electrocardiograms and these formed the basis of our study. The remaining 15 died before postoperative electrocardiograms could be taken. Twenty-six had as their primary diagnosis complete transposition of the great vessels; the other was an infant with a ventricular septal Figure 
1
"Lower" A-V rhythm. Note inverted P-waves in leads 2, 3, V5, and V6., with upright P-waves in aVR and V3. defect and pulmonary atresia ("end-stage" tetralogy of Fallot). The age of the patients at the time of operation ranged from 1 day to 8 months.
All preoperative and postoperative electrocardiograms were evaluated for changes in Pwave duration and contour, atrial conduction rates, pacemaker location, and dissociation phenomena. The initial postoperative electrocardiograms were taken at various times from the day of surgery to 2 weeks after, most being taken during the first postoperative week. Follow-up electrocardiograms were obtained at variable intervals, the longest being 7 years. Thirteen patients were on digoxin preoperatively; all were on maintenance digoxin postoperatively.
All 27 operative reports were surveyed. In addition, seven postmortem records, including four gross specimens, were available for review. The gross specimens were examined under the guidance of Dr. L. H. S. Van Mierop to determine the exact position and extent of the surgical lesion and any associated changes in chamber size or myocardial hypertrophy. Preoperative and postoperative chest x-rays were also reviewed to seek correlation between the size of the chambers and the electrocardiographic changes.
Results
All 27 patients had sinus rhythm before surgery. Postoperatively, 16 patients (all with complete transposition of the great vessels) developed disturbances in atrial conduction or rhythm, including atrioventricular (A-V) rhythm, transient A-V dissociation resulting from atrial slowing or A-V acceleration, sinus arrhythmia, and varying abnormal P-wave patterns including intra-atrial block and ectopic atrial rhythms. Of the 16 patients, nine had more than one type of disturbance, yielding a total of 29 changes found in the postoperative electrocardiograms (table 1) Abnormal P-wave changes are illustrated in figures 2 through 5, where they are compared with the preoperative tracings. The Pwave axis in the frontal plane changed con-75 
Figure 4
Tracings taken 1 day before surgery (A) and 2 years after surgery (B). Note wide notched P wave in lead 1 in B with deep wide negative component in leads 3 and V3.
siderably in some cases (for example, figure  2 shows a shift from +60 to -40° The case illustrated in figure 2 A, B, and C shows three atrial mechanisms: normal sinus rhythm, ectopic atrial rhythm, and intra-atrial block. The P waves change from a sinus contour in A to inconspicuous, low voltage waves in B, suggesting an ectopic mechanism.
In C, the P waves have grossly widened and their axis has shifted leftward, suggesting intra-atrial block or left atrial enlargement. Other striking disturbances in atrial rhythm and conduction were atrial flutter and sinus bradycardia. The patient with atrial flutter was operated on at 2 months of age and developed A-V rhythm 1 week later. Seven months postoperatively, her electrocardiogram showed isorhythmic A-V dissociation Figure 6 Atrial flutter with 2:1 A-V conduction.
Circulation, Volume XXXVIII, July 1968 between sinus and accelerated A-V rhythm that, 3 months later, reverted to a "mid" A-V rhythm. Two and one-half years postoperatively atrial flutter with 2:1 conduction developed ( fig. 6 ). This persisted for 232 years until cardioversion resulted in A-V rhythm. Two hours later, isorhythmic dissociation developed between probable left atrial3 4 and A-V rhythm. This patient has since had a complete repair of her defect, with the creation of an intra-atrial pericardial tunnel (Mustard procedure). Postoperatively she has had a variety of arrhythmias, including mid-A-V rhythm, lower A-V tachycardia, and atrial flutter with 1:1, 2:1, and 3:2 conduction. All postoperative tracings have shown intraventricular block.
Sinus bradycardia developed in a boy who was operated on at 7 months of age. He retained a normal sinus 28 patients having the creation of an atrial septal defect for complete transposition of the great vessels, two (14%) developed A-V rhythm; the remainder maintained sinus rhythm. This contrasts with our finding that 9 of 27 (33%) patients developed A-V rhythm. Khoury and associates6 also noted that 90% of their cases exhibited changes in their P waves that suggested combined or left atrial enlargement. They attributed such changes to either the results of surgery or an increase in atrial "work" secondary to increased bidirectional shunting at the atrial level. Shaher and Kidd,5 in studying many of these same cases, found that bidirectional atrial shunting increased considerably postoperatively but that the pressures in both atria were equal and showed little change from their preoperative values. In our study, four had P-wave changes suggesting intra-atrial block or left atrial enlargement, four had changes suggesting an ectopic atrial pacemaker, and one had both.
The incidence of dysrhythmias and conduction disturbances recorded in our study (tables 1 Among the more serious dysrhythmias were included one case of atrial flutter and two of marked sinus bradycardia. Nadas7 has pointed out that atrial flutter is quite rare in children (less than one in 80 patients with heart disease). All three patients no longer have these serious dysrhythmias and are doing well.
Those disturbances appearing in the early postoperative period may be a consequence of surgical trauma to the sinoatrial node or interatrial conducting systems, or both. In reviewing the operative notes and discussing them in detail with the respective surgeons, it seemed that of the three internodal conducting pathways,8'9 both the posterior and middle internodal tracts could conceivably have been either traumatized or interrupted. The posterior tract is subject to injury if the clamp is applied over the crista terminalis of the right atrium; the middle tract, by the excision of the posterior portion of the atrial septum. When Holsinger and associates8 divided the crista terminalis of five dogs, all developed intra-atrial block, but there was no effect on A-V conduction. Division of the anterior and mid-internodal pathways, however, caused a marked delay in A-V conduction. In three of five instances, A-V rhythm was produced only when all three tracts were divided. It certainly seems unlikely that all three tracts should be damaged during the Blalock-Hanlon procedure.
Perhaps the dysrhythmias produced are the result of injury either to the S-A node or Circulation, Volume XXXVIII, July 1968 its blood supply, or to the A-V node or its blood supply. This is conceivable in view of the fact that the clamp encroaches upon a large portion of the right atrium and could readily damage atrial tissue. Both Selzer'" and Tung and associates"1 have suggested that surgical trauma to atrial tissue may be responsible for the high incidence of dysrhythmias after cardiac surgery. Selzer'0 found that dysrhythmias occur two and one-half times more frequently in patients after repair of atrial septal defects than those with repair of ventricular septal defects. He also noted that A-V rhythm was the most common disturbance in patients after closure of their atrial septal defect. Tung and associates'1 found a high correlation between atrial dysrhythmias and incidence of injury to and around the area of the sinus node. They demonstrated histologically destruction and scarring of sinus nodal tissue and angiitis and thrombosis of the nodal artery. Why in our two cases of the Mustard procedure, in which the entire atrial septum is removed, the rhythm at least transiently again became normal sinus, remains unexplained.
Congestive heart failure or altered atrial hemodynamics causing right atrial dilation or enlargement, or both, and digitalis toxicity should also be considered as possible causes for the noted dysrhythmias, particularly as many of them proved to be transient in nature and others appeared too late to be the result of surgical trauma. Increased sensitivty to digitalis in the early postoperative period is possible.'2 We encountered such possible effects of digitalis as shifting pacemaker with episodes of A-V rhythm, ectopic atrial beats, and intra-atrial block. In our series, two dysrhythmias were thought to be correlated with digitalis toxicity, in that they disappeared with discontinuance of the drug. Of the five cases that reverted to sinus rhythm, all were continually maintained on consistent or increased digitalis dosages.
In reviewing the postoperative chest xrays, our findings are consistent with those of Starr and In our own surgical experience, however, no patient has died after surgical creation of an atrial septal defect within the past year (seven patients). Furthermore, in the past year, these seven patients represent every case of complete transposition of the great vessels with inadequate mixing admitted to this medical center.
Glossary of Terms Used with
Semantic Commentary A-V Rhythm: Rhythm presumably arising in the A-V junction; synonymous with A-V nodal rhythm, nodal rhythm, and junctional rhythm; "lower" A-V rhythm-with P' wave following QRS; "mid" A-V rhythm-with P' wave lost within QRS. Intra-atrial block: Abnormally wide P waves. In adults, the upper limit of normal P-wave duration is generally accepted at 0.11 second. In infants and children the limit has been less clearly defined. We use the term here when the P wave has clearly widened over its previous preoperative form 
